where N 1 is the number of plies. 
subject to side and performance constraints of the following form:
The design variables are represented by the vector z; superscripts U and L indicate upper and lower bounds;
and Q(z) are the inequality performance constraints. Equations 10 and 11 define the feasible domain for the optimization variables.
In the present paper the design vector includes: temperatures and consolidation pressuresof the fabrication process;thermomechanical and geometricalcharacteristics (thickness) of the interphase.
The minimization of the matrix residual stresses, either in all the plies or in specified plies, is proposed as the objective function. Considering that radial and transverse to the longitudinal axis cracks (see Figure 2 ) are more commonly observed in hot composite laminates, the axial and transverse circumferential stresses are included in the objective function. Among the many possible ways for these stresses to be minimized simultaneously, the minimization of the maximum stress is proposed for its tendency to always achieve more uniform reductions,
where superscript k indicates the k-th ply.
Based on previous work in unidirectional composites, it is anticipated that high residual stresses will develop in the graded interphases 7'8'9. Additional development of mechanical stresses may occur since consolidation pressures are tailored, and it is possible that thermomechanicai stresses during fabrication may exceed the c t T
The superscripts C and T identify compressive and tensile strengths respectively, and subscripts i, j indicate the applicable stress component. S is the ultimate material strength at the corresponding thermomechanical
state. An additional constraint is imposed on the interphase thickness hd, to ensure that the interphase does not exceed the boundaries of the unit cell. In the case of square packing of fibers the constraint may proved to be:
where df is the fiber diameter and kfis the fiber volume ratio.
To ensure that the critical properties of the fabricated laminate will remain within acceptable limits, lower 
APPLICATION CASES Materials and Assumptions
A composite material consisting of high modulus graphite fiber (P100) and copper matrix was chosen since there is a wide availability of property data ( The advantages of concurrent optimization in reducing the residual stresses can clearly be seen in Figure 5 .
Significant additional decreases occurred in the matrix longitudinal residual stress while the transverse stress was again virtually eliminated.
As in the previous case, the predicted increase of consolidation pressure at the end of processing phase (see Figure 6 ) combined with the lower strength and modulus of the interphase causes the interphase to yield before the matrix during the fabrication. The predicted high consolidation pressure facilitates further the formation of a compliant interphase layer during fabrication, this is why additional reductions in the residual stresses were observed. It is also stressed, that in the present case the interphase does not act as a compliant layer after the consolidation pressure is removed. The assumed inelastic response was critical in achieving the formation of this "processing induced" compliant layer, instead of a compensating layer which may result when elastic constituents are assumed 9. The optimal CTE of the interphase was again scaled between the fiber and matrix, but closer to the matrix since there were changes in the processing profiles, as shown in Figure 6 . by approximately 50%. The stress reductions were again achieved by an increase in the optimal consolidation pressure and an optimal interphase of nearly 50% lower strength, as seen in Figure  8 and Table  4 respectively. The pressure increase was not as great as in the unidirectional case. The optimum interphase modulus and CTE did not reduce as much as in the unidirectional case.
Crce_ply Lemi_te
Overall, the introduction of tailored interphase layers in the cross-ply laminate does not appear as effective as in the case of the unidirectional composite. Intralaminar residual macrostresses appear to be the controlling factor. Part of the residual stresses is induced in the laminate level by the radically different thermomechanical properties occurring between the 0°and 90°plies. Hence it seems that the interphase layer reduced mostly the portion of the residual stresses generated in the intraply (micromechanics) level.
This trend is further reinforced in the following case.
Quasi-isotropic Laminate

Global Interphase Optimization
The effectiveness of global interphase grading in conjunction with a more complex quasi-isotropic laminate configuration [0/±45/90]s is discussed here. This is an excellent example, because in contrast to the previous cases the laminate exhibits a pseudo-isotropy in the extensional stiffness matrix [A] . Yet, the laminate incorporates significantly higher interlaminar inhomogeneity as a result of additional plies and fiber orientation angles. As seen in Figure 9 , the addition of tailored interphases in all plies produced only a modest uniform reduction in the longitudinal matrix stresses of all plies. It seems that the increased intralaminar thermal macrostresses and competing factors at the ply and laminate levels reduce further the effectiveness of global interphase grading. The optimal interphase properties are slightly (less than 10% difference) greater than the matrix (see Table 5 ), which also depicts the ineffectiveness of the global interphase optimization.
Selective Interphase Optimization
The addition of an interphase in the 90°ply to minimize only the residual stresses in these plies was also considered.
As seen in Figure 10 , significant transverse matrix stress reductions occurred in the 90°plies while the remaining stresses displayed little change. The resultant optimal interphase strength (see Table 5) was reduced substantially (similarly to the unidirectional case) indicating once again the trend of an interphase which yields prematurely than the matrix during fabrication. The optimal interphase modulus is slightly greater than the modulus of the matrix, and the CTE is close to the matrix value. Apparently, the selective inclusion of an interphase layer in the 90°plies reduced the local microstresses without as many competing effects from the interphases in other plies. The present case demonstrated that the inclusion of tailored interphase layers in selective plies may effectively reduce the residual stresses locally, and validated the possibility to engineer graded composites with tailored interphases in select plies.
CONCLUSIONS
A methodology was presented for the optimal synthesis of hot composite laminates with a embedded graded interphase layer between fiber and matrix. Critical characteristics of the interphase layers were optimized for minimal matrix residual stresses in the various plies of the laminate.
Additional constraints were imposed
on the thermomechanical stresses of the interphase, matrix, and fibers during the fabrication to ensure the integrity of the material. The capability to simultaneously tailor processing parameters was also incorporated. 
